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Peters,  C.  J„  R.  W.  Kuehne  (Animal  Assessment  Oiv.  U.S.  Army  Medical 
Research  Institute  of  Infectious  Diseases,  Frederic’-.  Md.  21701),  R.  R. 
Mercado,  R.  H.  Le  Bow,  R.  0.  Spertzel  and  P.  A.  Webb.  Hemorrhagic  fever  in 
Cochabamba,  Bolivia,  1971.  Am  J  Epidemiol  99:425-433,  1974.— Between 
January  and  March  1 971,  an  unusual  outbresk  of  hemorrhagic  fever  occurred  in 
Cochabamba,  Bolivia.  The  index  case  was  apparently  infected  elsewhere,  but 
became  ill  in  Cochabamba,  where  hemorrhagic  fever  had  never  been  reported. 
Four  secondary  cases  occurred  among  hospital  contacts  of  the  index  case,  and  a 
pathologist  was  infected  after  cutting  himself  during  an  autopsy  of  one  of  the 
secondary  cases.  Clinical  manifestations  were  typical  of  Bolivian  hemorrhagic 
fever,  except  that  jaundice  occurred  in  three  cases.  An  arenavirus  of  the 
Tacaribe  complex  was  isolated  from  three  cases.  One  isolate  was  studied  in 
detail  and  shown  to  be  closely  related  antigenically  to  the  prototype  strains  of 
Machupt  virus. 


arenavirus;  hemorrhagic  fever;  jaundice,  etiology;  Machupo  virus 


Introduction 

The  arenavirus  group  is  composed  of  10 
morphologically  similar  viruses  having  ex¬ 
tensive  immunologic  relationships  (1,  2). 
These  agents  are  primarily  rodent  viruses 
and  most  are  maintained  in  rodent  popula- 
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indirect  fluorescent  antibody  test;  IP,  intraperitoneal; 
MARU,  Middle  America  Research  Unit;  PFU, 
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tions.  at  least  in  part,  by  a  mechanism  of 
prolonged  viremia  and  virus  shedding. 
Four  of  the  viruses  (Lassa,  lymphocytic 
choriomeningitis,  Junin  and  Machupo)  are 
known  to  cause  disease  in  man.  It  is 
thought  that  lymphocytic  choriomeningi¬ 
tis,  Junin,  and  Machupo  viruses  infect 
man  primarily  through  direct  contact  with 
the  infected  natural  host  or  its  excreta.  The 
maintenance  and  communicability  of 
Lassa  virus  are  not  well  understood;  how¬ 
ever,  the  recognition  of  an  explosive  hospi¬ 
tal  epidemic  establishes  its  potential  for 
direct  person-to-person  transmission  (3,  4). 

Dunng  February  and  March  1971,  fatal 
cases  of  a  disease  suspected  of  being  Boliv¬ 
ian  hemorrhagic  fever  (BHF)  occurred  in 
Cochabamba,  Bolivia.  This  outbreak  was 
investigated  by  local  authorities  in  Co¬ 
chabamba,  the  Ministry  of  Health  of  Bo¬ 
livia,  a  representative  of  the  Pan  American 
Health  Organization,  and  a  physieia  from 
the  Middle  America  Research  Unit 
(MARU).  We  were  concerned  that  this 
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outbreak  might  not  be  classical  BHF  due 
to  Machupo  virus  infection  because:  1) 
secondary  cases  occurred  among  hospital 
personnel  and  contacts;  2)  BHF  had  never 
occurred  in  the  highlands  of  Bolivia  where 
the  rodent  reservoir  of  Machupo  virus, 
Calomys  callosus ,  is  not  present;  2)  some  of 
the  patients  were  icteric,  a  rare  occurrence 
in  BHF;  and  4)  a  serum  specimen  from  the 
lone  survivor  obtained  20  days  after  onset 
of  illness  contained  little  or  no  neutralizing 
antibody  to  Machupo  virus.  For  these  rea¬ 
sons,  samples  from  acutely  ill  patients  were 
studied  in  collaboration  with  the  U.S. 
Army  Medical  Research  Institute  of  Infec¬ 
tious  Diseases  (USAMRIID)  in  Frederick, 
Maryland,  where  appropriate  safety  facili¬ 
ties  were  available. 

Methods 

Description  of  laboratory  facilities.  The 
special  containment  laboratories  used  in 
this  study  have  been  described  elsewhere 
(5).  Two  separate,  gas-tight  cabinet  sys¬ 
tems  were  used  so  that  materials  from  the 
outbreak,  as  well  as  a  prototype  Machupo 
virus  strain  could  be  evaluated  concur¬ 
rently  without  danger  of  cross-contamina¬ 
tion.  We  adhered  to  the  Guide  for  Labora¬ 
tory  Animal  Facilities  and  Care  of  the 
Institute  of  Laboratory  Animal  Resources 
National  Academy  of  Sciences-National 
Research  Council.  The  facilities  are  fully 
accredited  by  the  American  Association  of 
Accreditation  of  Laboratory  Animal  Care. 

Processing  of  specimens.  Throat  swabs 
were  agitated  in  1  ml  of  holding  medium 
composed  of  veal  infusion  broth  (Difco) 
containing  5  mg  bovine  serum  albumin 
(Fraction  V,  Armour),  2.5  gg  streptomycin, 
and  500  units  penicillin  G  per  mi.  All 
specimens  intended  for  virus  isolation  were 
frozen  as  soon  as  possible  and  stored  con¬ 
tinuously  in  liquid  nitrogen  or  a  mechani¬ 
cal  freezer  at  60  C.  Human  blood  for 
serologic  testing  was  collected  in  Vacutain- 
ers  (Becton-Dickinson,  Rutherford,  N.J.) 
and  held  at  4  C  for  no  longer  than  24  hours. 


The  serum  was  separated  from  the  clot  by 
centrifugation  and  stored  at  -20  C. 

Preparation  of  virus  suspensions.  Organs 
or  whole  blood  were  ground  in  a  mortar 
with  pestle  and  sand;  four  volumes  of 
phosphate  buffered  saline  (pH  7.4)  con¬ 
taining  25  per  cent  normal  rabbit  serum 
(previously  heated  at  56  C  for  30  minutes), 
100  units/ml  of  penicillin  G  and  100  pg/ml 
of  streptomycin  were  added.  The  suspen¬ 
sion  was  clarified  by  centrifugation  in  a 
table-top  centrifuge  at  2500  rpm  for  10 
minutes.  Additional  dilutions  were  made 
with  cold  phosphate  buffered  saline  con¬ 
taining  10  per  cent  heated  normal  rabbit 
serum  and  antibiotics 

Animal  and  tissue  culture  inoculation. 
Animals  for  inoculation  were  obtained 
from  these  sources:  Swiss  Webster  strain 
adult  mice  and  pregnant  dams  from 
Charles  River  Breeding  Laboratories, 
W'ilmington.  Mass.;  Golden  Syrian  adult 
hamsters  from  Lakeview  Hamster  Colony, 
Newfield,  N.J.;  pregnant  hamsters  from 
Zucca’s  Hamstery.  Vineland,  N.J.;  Hartley 
guinea  pigs  from  West  Jersey  Biological 
Supply,  Wenonah.  N.J.,  or  the  Fort  De¬ 
trick  Animal  Farm,  Frederick,  Md. 

Suckling  mice  (three  days  of  age  or  less) 
and  suckling  hamsters  (five  days  of  age  or 
less)  were  inoculated  intracranially  (IC) 
and/or  intraperitoneallv  (IP)  with  approxi¬ 
mately  0.015  ml  of  virus  suspension,  using 
blunt -tipped.  26-gauge  needles  (Becton- 
Dickinson  Co.,  Rutherford,  N.J.).  Suckling 
guinea  pigs  (five  days  of  age  or  less)  were 
inoculated  either  IC  or  IP  with  0.1  ml  of 
virus  suspension.  Adult  animals  received 
0. 1  ml  of  virus  suspension  by  the  IP  route. 

Vero,  WI-38  and  BHK-21  cell  cultures 
were  provided  by  the  Virology  Division, 
USAMRIID.  Primary  monkey  kidney, 
human  embryo  kidney  and  MA-U1  (con¬ 
tinuous  rabbit  kidney  cell  line)  were  pur¬ 
chased  from  Microbiological  Associates, 
Inc,,  Bethesda,  Md.  Plaque  titrations  were 
performed  in  Vero  cel)  monolayers  by  a 
previously  described  technique  (6),  modi- 
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fied  by  using  an  overlay  composed  of  Ea¬ 
gle's  basal  medium  with  Earle's  salts,  2  per 
cent  fetal  calf  serum,  1  per  cent  Noble 
agar,  and  20  mM  HEPES  buffer. 

Serologic  testa.  Complement -fixation 
(CF)  tests  for  serum  antibody  were  per¬ 
formed  by  a  microtiter  technique  (7).  The 
same  test  system  was  also  used  to  identify 
crude  antigens,  which  were  prepared  in  the 
same  manner  as  virus  pools  except  that 
rabbit  serum  was  not  added  to  the  diluent. 
Attempts  to  perform  accurate  plaque- 
reduction  neutralization  tests  at  USAMR- 
IID  were  frustrated  by  our  inability  to 
consistently  maintain  Verocell  monolayers 
under  agar.  Subsequently,  the  neutraliza¬ 
tion  tests  were  repeated  at  MARL’,  using 
reagents  prepared  at  USAMRIID,  Direct 
(8)  and  indirect  (8)  fluorescent  antibody 
tests  were  performed  with  acetone-fixed 
viral  antigens. 

Virus  strains  and  antisera.  Reference 
reagents  were  obtained  from  MARU  and 
are  essentially  as  described  in  recent  publi¬ 
cations  (9,  10).  The  prototype  virus  used 
for  comparison  was  the  second  or  third 
suckling  hamster  brain  passage  of  the  Car- 
vallo  strain  isolated  from  the  spleen  of  a 
fatal  human  case  of  BHF  in  San  Joaquin, 
Bolivia. 

Description  ok  the  outbreak 

Antecedent  events  and  the  course  of  the 
epidemic  were  reconstructed  from  hospital 
records  and  interviews  in  Cochabamba, 
Fortaleza  and  Tarijn.  Conflicting  or  absent 
data  prevented  precise  conclusions,  but  the 
most  probable  course  of  events  is  summa¬ 
rized  in  figure  1. 

Case  1:  CM,  a  20-year-old,  single,  nurs¬ 
ing  student  living  in  Cochabamba,  re¬ 
turned  to  her  home  village  of  Fortaleza  in 
the  Province  of  Beni,  about  December  0, 
1970  (figure  2).  She  may  have  traveled  in 
the  vicinity  of  Foruieza,  but  there  was  no 
indication  that  a  known  BHF  endemic  area 
was  visited.  She  left  Fortaleza  to  travel  to 
Trinidad,  Bolivia,  altout  January  12.  1971. 


Between  January  12  and  15,  she  became  ill 
and  on  January  15  returned  to  Co¬ 
chabamba  where  she  was  soon  admitu  ‘o 
the  Seton  Hospital,  She  died  on  January 
28. 

Case  2:  JB.  a  88-year-old  domestic  ser¬ 
vant.  assisted  in  the  case  of  her  sick  niece 
(case  1)  on  January  25  and  2(1.  She  became 
iil  on  February  6  and  was  admitted  to  the 
Viedma  Hospital  on  February  12,  where 
she  died  on  February  28. 

Case  8:  RM.  father  of  case  1,  traveled  to 
Cochabamba  from  his  ranch  in  Fortaleza 
because  of  his  daughter  s  illness,  arriving 
on  January  25.  He  was  in  mate  contact 
with  her,  kissing  and  embracing  her  during 
the  last  two  days  of  her  life.  Case  8  re¬ 
turned  to  the  Beni  and  probably  became  ill 
in  Fortaleza  about  February  8.  He  traveled 
to  the  hospital  in  Trinidad  and  died  there 
on  February  16.  We  have  little  data  con-, 
cerning  the  course  of  his  illness,  but  the 
physicians  in  Trinidad  believed  that  he 
had  died  with  hemorrhagic  fever.  Only  this 
case  and  case  1  had  been  in  the  Beni  prior 
to  their  illness. 

Case  4:  MS,  a  28-year-old  nursing  in¬ 
structor  who  supervised  nursing  care  of 
case  l  on  January  28-25  and  was  inti¬ 
mately  involve  !  in  h<"  care  during  the  final 
days  of  file  (January  26-28),  became  ill 
about  February  1.  She  entered  Seton  Hos¬ 
pital  on  February  1:2  and  died  on  Februury 
19. 

Case  5:  FP,  a  24-year-old  nurse  from 
Tarija,  was  in  Cochabamba  between  Janu¬ 
ary  16  and  27  attending  a  training  course  in 
hospital  administration  at  Seton  Hospital; 
her  only  contact  with  patients  was  on 
January  *27,  when  she  assisted  case  4  with 
the  bedside  care  of  case  l.  Case  5  had 
symptoms  of  gastroenteritis  beginning  on 
January  25,  but  appeared  to  he  well  by 
February  2.  Howvver,  on  February  5  she 
complained  of  malaise  and  by  February  8 
was  definitely  ill.  She  was  hospitalized  in 
Tarija  on  February  1 1  and  recovered  after  a 
severe  illness. 
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■  EXPOSED  Q  III  g2  HOSPITALIZED  J  DE  ATH 
Figure  1.  Temporal  sequence  of  eases  of  Bolivian  hemorrhagic  lever,  Cochabamba,  1H71. 


Fwt.’RK  5f.  Map  of  Bolivia  showing  known  endemic  urea  of  Bolivian  hemorrhagic  fever. 


Case  6:  DA,  a  12-year-old  pathologist  in  plunger!  his  hand  into  formalin,  scrubbed 
Set  on  Hospital,  received  a  superficial  seal-  the  cut.  and  c<  Burned  the  autopsy  with 
pel  cut  on  the  thumb  while  performing  an  fresh  gloves.  .  ,ur  days  later,  «»n  February 
autopsy  on  oise  4  approximately  three  2.1,  he  had  a  fever  of  18  C  and  two  days 
hours  after  her  death.  He  immediately  later  was  obviously  ill  with  malaise  and 
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high  fever.  He  was  hospitalized  at  Seton 
Hospital  on  March  2  and  died  on  March  7. 
This  was  the  only  infection  in  which  pa¬ 
renteral  exposure  occurred. 

Nine  other  persons  live4  in  the  same 
households  as  cases  2,  4,  5  and  6,  and  ail  of 
the  patients  had  casual  contacts  with 
many  other  people  during  the  incubation 
period  and  early  stages  of  illness.  Initially, 
most  patients',  were  suspected  of  having 
typhoid  fever  or  gram-negative  sepsis,  so 
that  isolation  procedures  were  not  put  into 
effect  until  February  18.  Nursing  personnel 
and  other  contacts  were  exposed  to  bloody 
secretions,  urine,  vomitus.  and  bron¬ 
chopulmonary  aerosols.  Cases  1  and  4  had 
private  rooms  at  Seton  Hosnital,  where  at 
least  32  nursing  or  other  pmamedical  per¬ 
sonnel  and  seven  physicians  were  involved 
in  their  case.  Case  2  was  nursed  in  an  open 
ward  at  Viedmu  Hospital  and  was  attended 
by  11  mosc-s  and  six  doctors.  Eight  clinical 
laboratory  technicians  were  known  to  have 
performed  analyses  on  blood  specimens 
taken  from  the  patients,  Surgical  masks, 
gowns  and  gloves  were  worn  when  autop¬ 
sies  were  performed  ou  cases  2  and  4.  but 
two  persons  received  needle  punctures  and 
one  person  (case  6)  was  cut.  After  the  onset 
of  illness  in  case  8,  hemorrhagic  fever  was 
suspected  and  he  was  cared  for  in  Seton 
Hospital  with  mask,  cap,  gown  and  glove 
precautions.  Three  nurses,  six  physicians, 
and  three  clinical  laboratory  technicians 
were  exposed.  Case  (1  was  uutopsied  by  two 
persons  wearing  mine  respirators  and 
heavy  rublwi  gloves.  No  further  cases  were 
reported  in  spite  of  intense  publicity  anti  a 
state  of  near  panic  in  the  city. 

CUNICAt.  MANIFESTATIONS 

The  clinical  picture  of  the  five  cases  for 
which  we  have  data  Was  very  similar.  Four 
to  seven  days  More  hospitalization,  the 
subject  s  experienced  fever,  chills,  myalgia, 
malaise  and  weakness.  Anorexia,  vomiting, 
abdominal  tenderness  and,  in  some  cases, 
diarrhea  developed.  Four  patients  had  con¬ 


junctival  and  pharyngeal  injection.  During 
the  first  two  or  three  days  of  hospitaliza¬ 
tion,  ail  patients  continued  to  he  nauseated 
and  febrile  (38-40  C).  Laboratory  findings 
consisted  of  leukopenia,  proteinuria, 
pyuria,  and  sometimes  hematuria.  Abnor¬ 
malities  of  hemostasis  developed:  gingival 
hemorrhages,  epistaxis,  metorrhagia,  ec- 
chymoses  around  needle  punctures,  pur¬ 
pura,  melena,  hematuria. 

During  the  iater  phase  of  the  illness, 
patients  hecame  obtunded  and  hypoten¬ 
sive.  Three  cases  hecame  obviously  jaun¬ 
diced  on  the  tenth  to  twelfth  days  of 
illness,  and  this  was  supported  by  the 
icteric  serum  samples  observed  in  the  labo¬ 
ratory,  In  particular,  case  4  had  6.8  mg/ UN) 
ml  total  and  4.2  mg/100  ml  direct  bilirubin 
on  the  eleventh  day  of  illness.  There  were 
tremors  of  the  tongue  and  upper  extremi¬ 
ties,  myoclonic  movements  and,  in  some 
cases,  focal  or  generalized  convulsions.  In 
four  cases,  severe  hypotension  and  coma 
were  followed  by  death  after  six  to  11  days 
of  hospitalization.  One  subject  (case  r>) 
improved  after  11  days  of  hospitalization 
and  eventually  recovered.  All  cases  were 
treated  with  combinations  of  antibiotics, 
steroids  and  intravenous  fluids. 

Postmortem  examinations  were  per¬ 
formed  on  eases  2. 4  and  6.  Histopathologic 
findings  in  all  three  cases  were  typical  of 
BHP  OU.  Scattered  foci  • :  hepatocellular 
necrosis  and  occasional  acidophilic  bodies 
(12)  were  observed  in  liver  sections  hut 
these  changes  were  no  more  extensive  than 
those  usually  found  in  fatal  BMP  eases. 
Thus  the  jaundice  observed  in  east's  4  and  6 
renin  ns  unexplained.  Additional  findings 
included  severe  necrotizing  bronchopneu ■ 
moniu  anti  a  septic  vena  cava  thrumbosis 
in  ease  3.  early  bronchopneumonia  in  ease 
4,  anti  several  areas  of  lobular  pulmonary 
consolidation  in  cast1  6. 

HKsn/r 

Virus  isolation.  Virus  was  recovered  from 
the  pre- mortem  bloods  of  three  cases,  from 
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the  throat  swab  of  one  patient  and  from 
liver  (case  4)  and  spleen  (case  6)  obtained 
at  autopsy.  Titers  obtained  are  shown  in 
table  1.  Although  significant  quantities  of 
virus  were  present  in  the  throat  swab  from 
case  (i,  theit  was  blood  from  gingival  hem¬ 
orrhages  in  the  specimen.  We  were  not  able 
to  isolate  virus  from  two  serial  urine  speci¬ 
mens  (case  (i)  obtained  on  days  10  and  12 
after  the  onset  of  illness.  Suckling  hamsters 
were  more  susceptible  to  illness  and  death 
than  suckling  mice,  but  virus  could  be 
isolated  from  either  animal.  Spleen  homog¬ 
enate  from  case  6  inoculated  IP  into  adult 
hamsters,  mice  and  guinea  pigs,  did  not 
induce  illness  or  death  hut  surviving  ani¬ 
mals  developed  CK  antibody  to  Machupo 
virus  when  bled  30  days  on.,(. inoculation. 

Cytopathic  effects  were  observed  only  in 
VV'1-.'W  and  MA-111  cell  cultures.  Direct 
fluorescent  antibody  tests  showed  that  at 
least  50  per  cent  of  the  Vero  cells  grown  on 
Leighton  covers  lips  contained  large 
amounts  of  viral  antigen  as  early  as  five 
days  after  inoculation, 

/Voperncs  of  the  isolate.  The  isolate 
obtained  from  the  spleen  of  case  6  (DM 
was  chosen  as  the  prototy|H*  of  the  Co 
cbuhambit  outbreak.  A  suckling  hamster 
brain  pool  of  the  DA  strain  iti  the  second 
passage  level  was  used  in  all  comparative 
Cudies  with  the  prototy|>e  Carvallo  strain 
of  Machupo  virus.  The  DA  poo|  »*onta;ned 
ti.ti  *  HP  plaque-forming  emits  tPPIH  per 
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ml  (range  of  45  tests  done  on  five  days:  5.1 
x  104  to  l.,‘(  10*)  and  the  Carvallo  pool, 

1.4  x  HPPFWml  (range  of  49  tests  done  on 
six  days:  6.9  ■  10*  to  11.1  -  10s). 

Infection  of  WI-.48  cells  with  the  two 
strains  produced  focal  areas  of  ballooning 
and  detachment  of  cells  within  10-14  days 
that  progressed  to  involvement  of  the  en¬ 
tire  cell  sheet  within  15  21  days.  Although 
MA-1U  cells  became  rounded  and  granu¬ 
lar  in  the  original  isolation  attempts,  we 
were  unable  to  reproduce  this  finding  with 
passage  material  from  the  DA  isolate,  or 
with  the  Machupo  Carvallo  strain.  Passage 
material  from  both  strains  grew  in  Vero 
cells  as  determined  by  detection  of  viral 
antigen  with  fluorescent  technique,  hut  no 
consistent  changes  in  coll  morphology  were 
seen.  The  DA  strain  from  Cochabamba  and 
the  prototype  Machupo  virus  from  Sun 
•loaquin  formed  similar  plaques  under  agar 
in  Vero  cells. 

Plaque  reduction  neutralization  of  hy¬ 
perimmune  hamster  sera  to  the  DA  and 
Carvallo  strains  is  shown  in  table  2.  DA 
hyperimmune  hamster  sera  had  a  fourfold 
to  eightfold  lower  neutralization  titer 
against  Carvallo  than  against  its  homolo¬ 
gous  DA  strain.  In  contrast,  a  Carvallo 
immune  serum  had  similar  tarn*  to  both 
agents. 

Suckling  mice  ami  suckling  hamst* 
inoculated  It*  suffered  characteristic  din***--, 
consisting  of  growth  retardation,  tremors 
and  convulsions,  usually  followed  by  deal  b 
between  days  9  and  HI.  Tit  ration,  ot  virus 
pools  in  suckling  hamsters,  although  more 
variable,  usually  gave  endpoint*  ot  the 
same  order  of  magnitude  as  those  ol  plaque 
titrations  lor  both  strain* 

Tin  Carvallo  strain  ot  Machuis*  virus 
was  more  virulent  lor  guinea  pigs  than  DA 
virus,  Pour  of  six  adult  animals  inoculated 
IP  with  the  former  agent  deal  whereas  none 
>4  ,-ix  feUtiwa  pigs  ink* i**i .with  .*  similar 
amount  of  DA  vine*  swvumM.  Suckling 
guinea  pigs  less  than  five  days  old  wen* 
infected  by  Jp  and  1C  routes  t«i  comparable 
g railed  d«*ses  id  each  virus.  Mortality  was 
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Tabu:  2 

Relationships  between  DA  and  Careallo  strains  of 
Maehupn  virus  in  neutralization  test 


Am  i 
st-rtim  * 

(mimim/mg 
si  min 

Inii'il  mil' 

HlM  iI-moil  tiu-r  In 
imlitnlttl  virus 

DA  (’urvnlln 

1 

Da 

a 

agt  H 

■> 

DA 

:t 

32  4 

a 

Oarvallu 

:i 

:»2  :c> 

t'arvalln 

(i 

25ti  512 

*  All  autism  prepared  in  adult  hamsters. 

♦Titer  expressed  as  last  serum  dilution  inhibiting 
8tr;  of  ."tit  Kid  virus  plaques. 


independent  of  virus  dose  when  given  1C, 
Oarvatto  virus  kilted  49  of  56  animals  as 
compared  to  five  of  39  DA-infected  guinea 
pigs  (p  <  ,0011,  Although  there  was  a 
direct  dose-response  effect  when  the  agents 
were  administered  IP,  the  mortality  at 
each  virus  dose  was  greater  for  Carvnilo 
than  DA  virus  (table  3),  Death  of  guinea 
pigs  usually  occurred  between  18  to  33  days 
after  inoculation  and  was  preceded  by  a 
Iteriod  of  weight  loss  and  decreased  activ¬ 
ity, 

Serttltttu?  studies .  Convalescent  serum 
from  case  5.  the  only  survivor  of  the  out¬ 
break.  was  tested  hv  neutralization  and  OF 
to  various  arenaviruses  other  than  \1n> 
chupo.  Although  a  titer  of  l ; 61  was  oh. 
tamed  by  OF  using ■lunin  antigen,  neutral¬ 
ization  tests  with  this  virus  and  Tacaribe. 
Amapari.  Parana  and  l.atino  viruses  wen1 
negative.  Senna  neutralizing  antibody  ti¬ 
ters  of  ibis  patient  to  both  strains  of 
Muehupo  virus  are  shown  in  tattle  4.  An 
eightfold  higher  titer  was  obtained  wlu>n 
the  seven-week  convalescent  serusn  was 
tested  against  the  DA  si  rain  tin.,  the 
Carvnilo  strain.  Oiifortimately.  only  a 
small  volume  of  serum  had  been  obtained 
four  weeks  post -infection  and  none  was 
available  for  tilting  against  the  DA  strain. 
(V  comparison,  seven-  to  eight-week  con 
-•aleseent  sera  from  the  iwtt  1964  San 
•io.tipim  HHF  outbreak  hud  similar  titers  to 
Ituth  Mmltupu  and  DA  viruses. 

From  March  7  to  13.  1971.  we  obtained 


serum  samples  from  125  hospital  and 
household  contacts  of  the  hemorrhagic 
fever  cases.  Two  months  later,  61  persons 
were  bled  for  a  second  time.  All  sera  were 
examined  for  CP  antibodies  to  Machupo 
virus.  Of  these,  20  had  anticomplementary 
activity  or  equivocal  reactions  at  1 : 2  or  1 : 4 
dilutions;  these  were  tested  by  neutraliza¬ 
tion  and  indirect  fluorescent  antibody  tests 
(IFAT)  and  found  to  be  negative.  Paired 
sera  from  one  subject,  a  42-vear-otd  nurse, 
had  low  levels  of  CF  ( 1 ;  2)  and  IF  AT  (1:4) 
antibodies,  but  no  detectable  neutralizing 
antibody.  She  hud  never  been  in  the  Beni 
Province,  had  never  knowingly  cared  for  a 
patient  with  hemorrhagic  fever  and  had  no 
previous  illness  suggestive  of  hemorrhagic 
fever. 

Discussion 

Although  two  other  cases  of  direct  hu¬ 
man  transmission  of  Machupo  virus  are  on 
record  1 15.  16).  this  outbreak  represents  the 
first  instance  in  which  this  mode  of  virus 
spread  was  of  primary  importance.  Thus, 
as  in  the  case  of  related  arenavirus  l, assn, 
the  possibility  of  occurrence  of  "mysteri¬ 
ous''  geographic  ally  exotic  outbreaks  of 
BHF  is  now  real. 

Despite  the  fact  that  no  direct  suit  istical 
comparison  is  possible  between  these  pa¬ 
tients  and  those  previously  studied  in  the 
Beni  Province,  it  appears  that  the  basis,  for 
direct  virus  transmission  was  the  presence 
of  large  amounts  of  vires  in  blood  and 
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Table  -4 

Neutralization  of  tiro  Machupn  virus  strains  by 
convalescent  Bolivian  hemorrhagic  fever  human  sera 


( ’use 

I.lH'lllitV 

Weeks 
post- 
illness  “ 

Kecipmcni  titer  to 
indicated  virus 

DA  Carvallo 

FP 

Cochabamba 

4 

NT* 

41 

Cochabamlm 

7 

92 

4 

K.l 

San  Joaquin 

8 

8 

8 

RL 

San  Joaquin 

i 

92 

16 

GL 

San  Joaquin 

i 

64 

92 

*  Not  tested,  serum  exhausted, 
t  Titer  expressed  as  last  serum  dilution  inhibiting 
-j80r;  of  50  100  virus  plaques. 


secretions.  In  San  Joaquin  during 
1963-1964,  virus  was  recovered  from  blood 
and  throat  secretions  in  only  about  one  in 
five  attempts  during  serial  sampling  of 
patients  with  confirmed  BHF,  and  the 
quantities  of  Machupo  virus  present  were 
minimal  (17). 

We  cannot  decide  whether  this  outbreak 
-as  caused  by  a  Machupo  virus  variant 
having  distinctive  biologic  properties  or 
whether  the  observed  icterus,  hitherto  dis¬ 
tinctly  unusual  in  BHF  (!H,  19).  the  high 
rate  of  clinically  significant  secondary  bac¬ 
terial  inlection,  the  striking  mortality  and 
the  direct  human  virus  transmission  were 
somehow  related  to  the  fact  that  this 
epidemic  occurred  in  persons  “adapted"  to 
mild  physiologic  stress  (Cochabamba  is 
nearly  2700  meters  above  sea  level).  The 
latter  possibility  might  lie  tested  experi¬ 
mentally  by  infecting  nonhuman  primates 
maintained  in  altitude  chandlers.  Evi¬ 
dence  for  the  first  alternative  consists  of 
the  reduced  virulence  of  the  DA  virus  for 
guinea  pigs  as  compared  to  a  low- passage 
strain  of  Mathupo  virus  and  the  fact  that  a 
minor  but  reproducible  antigenic  differ¬ 
ence  between  these  strains  was  found  in  a 
human  serum  and  in  two  distinct  antisera 
prepared  usuinsf  the  DA  strain. 

Another  point  potentially  in  favor  of  a 
distinct  Machupo  variant  was  the  fact  that 
the  index  case  apparently  contracted  her 
infection  near  Fortaleza  a  town  in  Beni 
Province  outside  the  previously  docu¬ 


mented  enzootic  area  of  BHF.  Intensive 
trapping  of  this  ranch  in  1971  and  1972 
yielded  30  rodents,  none  of  which  was 
Calomys  callosus ,  the  only  known  natural 
reservoir  of  Machupo  virus  (19).  Further 
work  is  needed  to  determine  whether  other 
vertebrates  are  involved  in  virus  transmis¬ 
sion  in  this  area. 
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